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$\Omega\subset \mathrm{R}^{3}$ \Omega Dirac
$L_{\vec{a},q}=L_{0}+(-\alpha\vec{a}(X)+q(_{X}))=\alpha D+\beta+(-\alpha\vec{a}(_{X})+q(_{X}))$




$\alpha_{j},$ $j=1,2,3,$ $\beta$ Dirac
$4\cross 4$ }$\backslash$
$\alpha_{jj}\alpha_{k}+\alpha_{k}\alpha.=2\delta_{jk}I_{4}$ , $j,$ $k=1,2,3,4$ , (1.2)
$(\alpha_{4}=\beta)$ $P\pm=(I\pm\beta)/2$ $\mathrm{C}^{4}$ orthogonal projection
$q$
$q(x)=q(+X)P_{+}+q^{-}(X)P-$








$(L_{\vec{a},q}-\lambda)u(X)=0$ , $\lambda\in \mathrm{C}$ ,
(1.3)
$P_{+}u|_{\partial\Omega}=f.\in P_{+}(H^{\frac{1}{2}}(\partial\Omega))^{4}$ .
$\lambda\in\rho(L_{\vec{a},q})$ ( $L_{\vec{a},q}$ ) (1.3) $u$ $P_{+}u\in(H^{1}(\Omega))^{4}$ ,
$P_{-}u\in \mathcal{H}$ – $\Lambda_{\vec{a},q}^{\lambda}$ : $P+(H^{\frac{1}{2}}(\partial\Omega))^{4}arrow(H^{-\frac{1}{2}}(\partial\Omega))^{4}$
. $f\in P_{+}(H^{\frac{1}{2}}(\partial\Omega))^{4}$ $\Lambda_{\vec{a},q}^{\lambda}f=i\alpha NP-^{u}|_{\delta\Omega}\in(H^{-\frac{1}{2}}(\partial\Omega))^{4}$
$N$ $\partial\Omega$
.
$\overline{\circ\Lambda_{\vec{a},q}^{\lambda}}f$ $(H^{-\frac{1}{2}}(\partial\Omega))^{4}$ $u\in \mathcal{H}$ \alpha Nu $|_{\partial\Omega}\in(H^{-\frac{1}{2}}(\partial\Omega))^{4}$
$\mathrm{o}$ (Gauge invariance) $p\in W^{1,\infty}(\Omega),$ $p|\partial\Omega=0$ $\Lambda_{\vec{a}+}^{\lambda}\nabla p,q=\Lambda^{\lambda}\vec{a},q$






1. $\vec{a}_{j}\in C_{0}^{2}(\overline{\Omega}),$ $||\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}_{j}||L^{\infty(\Omega})<<1,$ $q_{j}\in W^{1,\infty}(\Omega),$ $j=1,2$ ,
$\Lambda_{\vec{a}_{1},q_{1}}=\Lambda_{\vec{a}_{2},q_{2}}$ $\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}_{1}=\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}2$ and $q_{1}=q_{2}$ in $\Omega$
2. $\vec{a}_{j}\in W_{\Omega}^{1,\infty},$ $||\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}_{j}||L^{\infty(\Omega}$ ) $\ll 1,$ $q_{j}\in W^{1,\infty}(\Omega),$ $||q_{j}||_{W^{1,\infty}}(\Omega)<<1,$ $j=1,2$ ,
$\Lambda_{\vec{a}_{1},q_{1}}=\Lambda_{\vec{a}_{2},q_{2}}$ $\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}_{1}=\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}2$ and $q_{1}=q_{2}$ in $\Omega$
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$2(\mathrm{A}).\vec{a}_{j}\in W_{\Omega}^{1,\infty},$
$||\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}_{j}||L^{\infty(\Omega})\ll 1,$ $q_{j}\in L^{\infty}(\Omega),$ $||q_{j}||_{L\infty(\Omega)}<<1,$ $j=1,2$ ,
$0$ $\Lambda_{\vec{a}_{1},q_{1}}=\Lambda_{\vec{a}_{2},q_{2}}$ $\mathrm{r}\mathrm{o}\mathrm{t}\tilde{a}_{1}=\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}_{2}$ in $\Omega$
$2(\mathrm{B}).\vec{a}\in W^{1,\infty}(\Omega),$ $||\mathrm{r}\mathrm{o}\mathrm{t}\vec{a}||_{L\infty}(\Omega)<<1,$ $q_{j}\in W^{1,\infty}(\Omega),$ $||qj||_{W()}1,\infty\Omega\ll 1,$ $j=1,2$ ,
$0$ $\Lambda_{\vec{a},q_{1}}=\Lambda_{\vec{a},q_{2}}$ $q_{1}=q_{2}$ in $\Omega$
3 Schr\"odinger [3]
$\text{ }\vec{a}\in W_{\Omega}’\infty$ $q\in L^{\infty}(\Omega)$ [2] d\in C0\infty (\Omega )
$q\in L^{\infty}(\Omega)$ $\vec{a}\in C^{\infty}(\overline{\Omega})$ $q\in C^{\infty}(\overline{\Omega})$
$12$ . a\rightarrow $”arrow$ ”
2.1. $u_{j}^{\pm}=P\pm u_{j}$ $(L_{a_{j},q_{j}}-1)uj=0,$ $u_{j}^{+}\in(H1(\Omega))4,$ $u_{j}-\in \mathcal{H},$ $j=1,2$
$V_{j}=-\alpha a_{j}+q_{j},$ $j=1,2$ ,
$H^{1}\mathfrak{T}(\partial\Omega)<\overline{u_{2}^{+}},$ $( \Lambda_{a_{1}},q_{1}-\Lambda_{a_{2},q_{2}})u_{1}+>_{H^{-\frac{1}{2}}()}=\partial\Omega\int_{\Omega}\overline{u_{2}}\cdot(V_{1^{-}}V_{2})u1dx$ .
. $(L_{a_{j},q_{j}}-1)u_{j}=0,$ $j=1,2$ ,
$(u_{2},(V_{1^{-V_{2}}})u_{1})=(L_{0^{u_{2}}}, u1)-(u_{2}, L0u_{1})$






. $\zeta\in \mathrm{C}^{3}$ -.
$\Pi_{\zeta}=\frac{1}{2}(I+\frac{\alpha\zeta+\beta}{<\zeta>})$ , $<\zeta>=\sqrt{\zeta^{2}+1}$,
16
$Z=\{\zeta\in \mathrm{C}^{3}|\zeta^{2}=0,. |\zeta|>1\}$ $\zeta\in Z$ $\Pi_{\zeta}=$
$P_{+}+\alpha\zeta/2,$ $(\alpha\zeta+\beta)\Pi_{\zeta}=\Pi_{\zeta}$








22. [3] $\zeta\in Z$ $C$
$||\varphi\zeta||_{W^{2},(}\infty \mathrm{R}^{3})\leq C||a||_{C_{0()}^{2}}\overline{\Omega}$ ,
$||a-D\varphi_{\zeta}||_{L()}\infty \mathrm{R}^{3}\leq C||\mathrm{r}\mathrm{o}\mathrm{t}^{arrow}a||L\infty(\Omega)$ .
$\zeta,$ $\zeta 0\in Z,$ $\zetaarrow\zeta 0$ , $\varphi_{\zeta}arrow\varphi_{\zeta_{0}}$ in $W^{2,\infty}(\mathrm{R}^{3})$ .
. [3] $f\in C_{0}(\mathrm{R}^{3})$ $\zeta--\eta+i\gamma\in Z$,
$\overline{|\eta|=}|\gamma|=1$






$\tilde{q}\in W_{0}^{1,\infty}(\mathrm{R}^{3})=$ { $W^{1,\infty}(\mathrm{R}^{3})$ and } $q\in W^{1,\infty}(\Omega)$




$(\alpha(D+\zeta)-2P-+\tilde{Q}_{\zeta})v_{\zeta}=-\tilde{Q}_{\zeta}\Pi_{\zeta}$ , in $\mathrm{R}^{3}$ (2.6)









[5] Theoreml.1 . .
2.4. $\zeta\in Z,$ $f\in L^{2,s}$ ($\alpha(D+\zeta)-2P_{-)f}u=$ $L^{2,-S}$ –
$u=(\alpha(D+\zeta)+2p+)g_{\zeta}f$
23 $u\in H^{1,-S}$
. (1.2) $a,$ $b\in \mathrm{C}^{3}$
$\alpha a\alpha b+\alpha b\alpha a=2abI_{4}$ , and $\alpha aP_{\pm}=P_{\mp}\alpha a$ , (2.7)
$(\alpha(D+\zeta)-2P_{-})(\alpha(D+\zeta)+2P+)=D2+2\zeta D$ [4], Proposition2.1
$\tilde{Q}_{\zeta}\in W_{0}^{1,\infty}(\mathrm{R})$ 23 $(\alpha(D+\zeta)+2P_{+})g_{\zeta}\tilde{Q}_{\zeta}$ $H^{1,-S}$
25. $\epsilon>0$ $r>1$ $||\mathrm{r}\mathrm{o}\mathrm{t}a||L^{\infty(\Omega}$ ) $<\epsilon,$ $|\zeta|>r,$ $\zeta\in Z$
(2.6) $v_{\zeta}\in H^{1,-s}$ –
$v_{\zeta}=-(I+F_{\zeta g}\zeta M\zeta)^{-}\ddagger_{F\zeta M\Pi_{\zeta}}g\zeta\zeta$ (2.8)
$M_{\zeta}$
$M_{\zeta}\equiv\alpha D(-\alpha b_{\zeta}+\tilde{q})+(b^{2}-\tilde{q}\tilde{q}^{-}+2\zeta+\tilde{q}+)I_{4}$ , (29)
$F_{\zeta}\equiv(I-g_{\zeta\zeta}2bD)^{-}1$
Hl,-s
. – $v_{\zeta}\in L^{2,-S}$ (2.6) 24
$v_{\zeta}=-(\alpha(D+\zeta)+2P_{+})g_{\zeta}(\tilde{Q}_{\zeta}v\zeta+\tilde{Q}_{\zeta}\Pi_{\zeta})$ (2.10)
23 $v_{\zeta}\in H^{1,-S}$ Fredholm
$(1+(\alpha(D+\zeta)+2P_{+})g_{\zeta}\tilde{Q}_{\zeta})v=0$ , $v\in H^{1,-s}$ , (2.11)
$v=0$ (2.11)
$(\alpha(D+\zeta)-2P_{-})v=-\tilde{Q}_{\zeta}v$ , (2.12)
$(D^{2}+2\zeta D)v=-(\alpha(D+\zeta)+2P_{+})\tilde{Q}_{\zeta}v$ . (2.13)
18




$v\in H^{1,-s}$ (2.14) $L^{2,s_{\text{ }}}$ (2.14) (cf.






$||\mathrm{r}\mathrm{o}\mathrm{t}a||\infty$ $H^{1,-S}$ $F_{\zeta}=(I-\mathit{9}\zeta 2b\zeta D)^{-}1$
26. $F_{\zeta}$ $H^{1,-S}$ $L^{2}$ ,-s f\in L2,
$||F_{\zeta g_{\zeta}f}||_{-s}\leq C|\zeta|^{-1}||f||_{s}$ .










$||F_{\zeta}g_{\zeta\zeta}Mw||-s\leq C|\zeta|^{-1}||M_{\zeta}w||S\leq C|\zeta|^{-1}||w||_{-s}$ , $w\in L^{\mathit{2},-s}$ ,
$|\zeta|^{-1}$ $I+F_{\zeta}g\zeta M\zeta$ $L^{2,-S}$
$v_{\zeta}=-(I+F_{\zeta g_{\zeta}}M_{\zeta})-1F\zeta g\zeta M\zeta\Pi_{\zeta}$
19
25
26 . $F_{\zeta}$ 23





$\lambda>1$ $\{\zeta(\lambda)=\lambda(\omega(\lambda)+i\gamma)\}_{\lambda>1}\subset Z$ $\omega(\lambda),$
$\gamma$ , \eta $\mathrm{R}^{3}$
$\omega(\lambda)\perp\gamma,$ $\eta\perp\gamma$ , \mbox{\boldmath $\lambda$}\rightarrow $\infty$ \mbox{\boldmath $\omega$}(\mbox{\boldmath $\lambda$}) $arrow\eta$
$\zeta_{0}\equiv\lim_{\lambdaarrow\infty}\lambda-1\zeta(\lambda)=\eta+i\gamma$
27. $\zeta=\zeta(\lambda)$ 25 (2.6) $v_{\zeta}=v_{\zeta(\lambda)}$
$v_{\zeta} arrow-N_{\zeta_{0}\zeta_{0}}M\frac{\alpha\zeta_{0}}{2}$ , $nL^{2,-S}$ as $\lambdaarrow\infty$ .
$(N_{\zeta_{0}}f)(X) \equiv \mathcal{F}^{-}1(\frac{\hat{f}(\xi)}{2\zeta_{0}\xi})(X)\in B(L^{\mathit{2},s}, L^{2},-S)$
. (2.8) $v_{\zeta}=-(I+F_{\zeta}g_{\zeta}M\zeta)-1F_{\zeta}g_{\zeta}M\zeta\Pi_{\zeta}$
25 $L^{2,-S}$
$(I+F_{\zeta g\zeta}M\zeta)-1arrow I$ $(\lambdaarrow\infty)$ .
$F_{\zeta}g_{\zeta\zeta\zeta}M \Piarrow N_{\zeta_{0}}M_{\zeta_{0}}\frac{\alpha\zeta 0}{2}$, in $L^{2,-S}(\lambdaarrow\infty)$ (2.16)
22
$\lambda^{-1}M\zeta\square \zetaarrow M_{\zeta_{0}}\frac{\alpha\zeta 0}{2}$ , in $L^{\mathit{2},s}(\lambdaarrow\infty)$ . (2.17)
$f\in L^{2,s}$
$\lambda F_{\zeta g_{\zeta}}farrow N_{\zeta_{0}}f$ in $L^{2,-S}(\lambdaarrow\infty)$ (2.18)
26 (2.18) $f\in C_{0}^{\infty}(\mathrm{R}^{3})$ $w_{\zeta}=\lambda F_{\zeta g_{\zeta}}f$
$||\lambda g_{\zeta}f||1,-S\leq C||f||_{1,s}$
$||w_{\zeta}||_{1,-s}\leq||F_{\zeta}||B(H^{1,s}-:H1,-s)||\lambda g_{\zeta}f|\downarrow 1,-s\leq C||f||_{1},S$.
$||g_{\zeta}2b_{\zeta}Dw\zeta||_{-s}\leq||g_{\zeta}||_{B(}L^{2,S},L^{2,\epsilon}-)||2b_{\zeta}Dw_{\zeta}||s\leq C\lambda^{-1}||w_{\zeta}||_{1,-s}arrow 0$. (2.19)
20
[1] $f\in L^{2,s}$
$\lambda g_{\zeta}farrow N_{\zeta_{0}}f$ in $L^{2,-s}(\lambdaarrow\infty)$ . (2.20)
(2.19, 20) (2.18) (2.17, 18) (2.16)
$k\neq 0,$ $\eta,$ $\gamma\in \mathrm{R}^{3}$ $k\cdot\eta=k\cdot\gamma=\eta\cdot\gamma=0,$ $|\eta|=|.\gamma|=1$ $\lambda>1$
$\zeta_{1},$ $\zeta_{2}\in \mathrm{C}^{3}$
$\zeta_{1}^{2}=\zeta_{2}^{2}=0,$ $\overline{\zeta_{2}}-\zeta 1=k,$ $\frac{\zeta_{1}}{\lambda},\overline{\frac{\zeta_{2}}{\lambda}}arrow\eta+i\gamma,$ $(\lambdaarrow\infty)$
$\zeta_{j}=\zeta_{j}(\lambda),$ $j=1,2$ , (2.2) $(L_{a_{j},q_{j}}-1)u_{\zeta_{j}}=0,$ $j.=1,2$ ,
(2.1)
$K( \lambda)\equiv\int_{\Omega}e^{-ikx++}(\Pi_{\zeta_{2}}\varphi 1\overline{\varphi 2}+v_{\zeta_{2}})*(V_{1^{-}}V2)(\Pi_{\zeta_{1}}+v_{\zeta_{1}})dx=0$.
$A^{*}$ $A$
$\varphi_{j}=\mathcal{F}^{-1}(\frac{\zeta_{j}\hat{a}_{j}(\xi)}{\zeta_{j}\xi})$ , $j=1,2$ ,
rot $a_{1}=\mathrm{r}\mathrm{o}\mathrm{t}a_{2}$ 27
$\lambda^{-2}K(\lambda)\sim\lambda^{-2}\int_{\Omega}e^{-ikx+\varphi_{1}\overline{\varphi}}\Pi_{\zeta_{2}}*+2(V_{1}-V_{2})\Pi_{\zeta_{1}}d_{X}$ . (2.22)









[3, \S 4] $\mathrm{r}\mathrm{o}\mathrm{t}a_{1}=\mathrm{r}\mathrm{o}\mathrm{t}a_{\mathit{2}}$ :
$q_{1}=q_{2}$ rot$a_{1}=\mathrm{r}\mathrm{o}\mathrm{t}a_{2}$ Aal,ql $=\Lambda_{a_{2},q_{2}}$
$\Lambda_{a_{1},q_{1}}=\Lambda_{a_{1},q_{2}}$ $a_{1}=a_{2}--a\in C_{0}^{2}(\overline{\Omega})$
28.
$P_{\pm} \lambda^{-1}K(\lambda)P_{\pm}arrow\frac{1}{4}\alpha k\int_{\Omega}e^{-ikx}P_{\mp}(q1^{-q_{2}})P\mp dx\alpha\zeta 0$ , $(\lambdaarrow\infty)$ . (2.24)






28 . $q\equiv q_{1}-q2$ $\overline{\varphi_{\overline{\zeta}_{0}}}=-\varphi_{\zeta 0}$ $\text{ }$
$\lambda^{-1}K(\lambda)=\int_{\Omega}e^{-ikx}(L_{1}(\lambda)+L_{2}(\lambda)+L_{3}(\lambda)+L_{4}(\lambda))dX$ , (2.25)
$L_{1}(\lambda)=\lambda^{-1}\Pi_{\overline{\zeta 2}}q\Pi\zeta_{1}$ , $L_{2}(\lambda)=\lambda^{-1}\Pi q\overline{\zeta_{2}}v_{\zeta_{1}}$




$\sim\frac{\alpha\zeta_{0}}{2}q^{+}+\frac{1}{4}\alpha kq\alpha\zeta 0$ (2.26)
\sim \mbox{\boldmath $\zeta$}2 $=\zeta_{1}+k$ $(\alpha\zeta_{1})^{2}=0$ $L_{2}(\lambda)$ 27
$L_{2}( \lambda)\sim-\frac{\alpha\zeta 0}{\mathrm{Q}}qN\zeta 0M_{1},\zeta 0\frac{\alpha\zeta_{0}}{\mathrm{o}}$ , (2.27)
$M_{1,\zeta 0}=\alpha D(-\alpha b\zeta_{0}+\tilde{q}1)+(b_{\zeta 0}^{2}-\tilde{q}_{1}^{+}\tilde{q}_{1}-+2\tilde{q}_{1}^{+})I$ .
$q\alpha\zeta 0=\alpha\zeta \mathrm{o}qI,$ $(q^{I}\equiv q^{+_{P_{-}}}+q^{-}P_{+})$
(2.27) $=- \frac{\alpha\zeta_{0}}{2}qN_{\zeta 0}(\alpha D(-\alpha b_{\zeta}\text{ }+\tilde{q}_{1}))\frac{\alpha\zeta_{0}}{2}$
$=- \frac{\alpha\zeta 0}{\mathrm{o}}qN_{\zeta 0}(\alpha D\frac{\alpha\zeta_{0}}{\mathrm{o}}(\alpha b\zeta_{0}+\tilde{q}_{1}^{I}))$
$=- \frac{\alpha\zeta_{0}}{2}qN_{\zeta}[0-\frac{\alpha\zeta_{0}}{2}\alpha D(\alpha b\zeta_{01}+\tilde{q})I+\zeta \mathrm{o}D(\alpha b_{\zeta}0+\tilde{q}^{I}1)]$
$=- \frac{\alpha\zeta_{0}}{4}q(\alpha b_{\zeta 0}+\tilde{q}_{1}^{I})$ (2.28)
22
$(\alpha\zeta 0)^{2}=0$ 1, 4 $\zeta_{0}b_{\zeta_{\text{ }}}=0$ 2 (2.7)
2 $\text{ }3$ $N_{\zeta_{\text{ }}}(\zeta \mathrm{o}^{D}f)=f/2(f\in H^{1,s})$ 4
$L_{3}( \lambda)\sim-(\alpha b_{\zeta}+\tilde{q}_{2})\mathrm{o}q\frac{\alpha\zeta_{0}}{4}I$ (2.29)
$L_{4}(\lambda)arrow 0$ (2.25,26,28,29) $\alpha\zeta \mathrm{o}q\alpha b\zeta_{\text{ }}+\alpha b_{\zeta_{\text{ }}q\alpha}\zeta 0=0$
$\lambda^{-1}K(\lambda)\sim\int_{\Omega}e^{-ikx}(\frac{\alpha\zeta_{0}}{2}q+\frac{1}{4}+\alpha kq\alpha\zeta 0^{-\frac{\alpha\zeta_{0}}{4}q}\tilde{q}_{1}I-\tilde{q}^{I}2q\frac{\alpha\zeta_{0}}{4})dX$ .
$P\pm\alpha\zeta \mathrm{o}P\pm=0$
$P_{\pm} \lambda^{-1}K(\lambda)P_{\pm}\sim P_{\pm}\int_{\Omega}e^{-ikx_{\frac{1}{4}}}\alpha kq\alpha\zeta 0dxP\pm$
28
3. 2 .
$2(A)$ . $a\in W_{\Omega}^{1,\infty},$ $q\in L^{\infty}(\Omega)$ $\{\zeta(\lambda)\}_{\lambda>1}\subset Z$ 27
$\lambda^{-1}\zeta(\lambda)arrow\zeta \mathrm{o}(\lambdaarrow\infty)$
$\zeta=\zeta(\lambda)$ $(L_{a,q}-1)u=0$
$u_{\zeta}(x)=e^{i\zeta x}e^{\varphi\zeta_{0}}((x)I+v_{\zeta}(x))\Pi_{\zeta}$ , (3.1)
$\varphi_{\zeta_{0}}(x)=\tau^{-1}(\frac{\zeta_{0}\hat{a}(\xi)}{\zeta_{0}\xi})(_{X)}$
$\lambdaarrow\infty$ (3.1) $(L_{a,q}-\dot{1})u=0$ $V=v_{\zeta}$
$(\alpha(D+\zeta)-2P_{-}+Q_{\zeta}\mathrm{o})v\square _{\zeta}=-Q_{\zeta 0}\Pi_{\zeta}$ , (3.2)
$Q_{\zeta_{\text{ }}}=-\alpha(a-D\varphi_{\zeta}\text{ })+q$ ,
$\tilde{q}\in L^{\infty}(\mathrm{R}^{3})$
$q$ \Omega -\Omega 1
$\chi\in C_{0}^{\infty}(\mathrm{R}^{3})$
$\tilde{Q}_{\zeta_{0}}=-\alpha\chi(a-D\varphi_{\zeta}0)+\tilde{q}$
$\tilde{Q}_{\zeta_{\text{ }}}\in L^{\infty}(\mathrm{R}^{3})$ (3.2) $Q_{\zeta_{0}}-$
Q\mbox{\boldmath $\zeta$} $\Pi_{\zeta}$
$(\alpha(D+\zeta)-2P_{-}+\tilde{Q}_{\zeta_{0}})v_{\zeta}=-\tilde{Q}_{\zeta_{0}}$ in $\mathrm{R}^{3}$ (3.3)
$v_{\zeta}\in L^{2,-S}$
23
3.1. $||\mathrm{r}\mathrm{o}\mathrm{t}a||L\infty(\Omega)$ $||q||_{L\infty(\Omega)}$ (3.3) $v_{\zeta}\in H^{1,-S}$
$v_{\zeta} arrow\tilde{v}_{\zeta_{0}}\equiv-F^{-1}(\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\hat{\tilde{Q}}_{\zeta_{0}}(\xi))$ $inL^{\mathit{2},-S},$ $(\lambdaarrow\infty)$ . (3.4)
$\tilde{v}_{\zeta\text{ }}\alpha\zeta_{0=0}$. (3.5)
. $v_{\zeta}\in L^{2,-S}$ 2.4 (3.3)
$v_{\zeta}+(\alpha(D+\zeta)+2P_{+})g\zeta\tilde{Q}\zeta_{\text{ }}v\zeta=-(\alpha(D+\zeta)+2P_{+})g_{\zeta}\tilde{Q}_{\zeta}\text{ }$ (3.6)
23 $W\in L^{2,-S}$




$||\mathrm{r}\mathrm{o}\mathrm{t}a||L\infty(\Omega),$ $||q||L^{\infty}(\Omega)$ (3.3) -? - $v_{\zeta}\in L^{2,-s}$




$A_{\zeta}w arrow\tilde{A}_{\zeta_{0}}w\equiv F^{-1}[\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}F(\tilde{Q}_{\zeta}0w)(\xi)]$ in $L^{2,-S}$ for any $w\in L^{2,-S}(\lambdaarrow\infty)$ .
$( \alpha(D+\zeta)+2P_{+})g_{\zeta}\tilde{Q}_{\zeta}0arrow \mathcal{F}^{-1}(\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\hat{\tilde{Q}}\zeta 0(\xi))$ in $L^{2,-S},$ $(\lambdaarrow\infty)$ .
$v_{\zeta} arrow-(I+\tilde{A}_{\zeta_{0}})^{-}1F-1(\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\hat{\tilde{Q}}_{\zeta 0}(\xi))$ in $L^{2,-s},$ $(\lambdaarrow\infty)$ . (3.7)
. $\alpha\zeta_{0}\tilde{Q}_{\zeta}\text{ }\alpha\zeta 0=0$
$\tilde{A}_{\zeta_{0}}F^{-1}(\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\hat{\tilde{Q}}\zeta 0)=0$ .
(3.7) (3.4) (3.5) $\alpha\zeta_{0}\tilde{Q}_{\zeta_{\text{ }}}\alpha\zeta 0=0$
(2.21) $\zeta_{j}=\zeta_{j}(\lambda)j=1,2$ , (3.1) $(L_{a_{j},q_{\mathrm{j}}}-1)u_{\zeta_{j}}=0$
(2.1)
$K( \dot{\lambda})\equiv\int_{\Omega}e^{-ikx}(+\psi(I+v_{\zeta})2(V1-V_{\mathit{2}})(I+v\zeta_{1})\Pi_{\zeta 1}dx=\Pi_{\zeta 2})*\mathrm{o}$.
24







$2(B)$ . $a\in W^{1,\infty}(\Omega)$ $a’\in W_{0}^{1,\infty}(\mathrm{R}^{3})$




$p\in W_{B_{r}}^{1,\infty},$ $\cap H^{2}(B_{r’})$ . .
32. 0 1 $\chi\in C_{0}^{\infty}(B_{r’})$ $\tilde{a}=\chi(a-’\nabla p)$
$\tilde{a}$ , $\mathrm{d}\mathrm{i}\mathrm{v}\tilde{a}=\nabla\chi(a’-\nabla p)$ , $\mathrm{r}\mathrm{o}\mathrm{t}\tilde{a}=\nabla\chi\cross(a’-\nabla p)$ $L^{\infty}(B_{r’})$
and
$||\tilde{a}||_{L\infty(B_{r’}})+||\mathrm{d}\mathrm{i}\mathrm{v}\tilde{a}||_{L(}\infty B_{r’})+||\mathrm{r}\mathrm{o}\mathrm{t}\tilde{a}||L^{\infty}(B’)r\leq C||\mathrm{r}\mathrm{o}\mathrm{t}a||L^{\infty(\Omega})$ .
. $\triangle_{B_{r}}$ , $\backslash \nearrow$ $G(x, y)$ $\Delta_{y}G(x, y)=\delta_{x-y}$
$\tilde{a}_{j}(X)=x(x)(\int\Delta_{y}G(x, y)a’(y)dy-\nabla_{x}j\int G(x, y)(\mathrm{d}\mathrm{i}\mathrm{V}a’)(y)dy)$
$= \chi(X)\sum_{=k1}\int\nabla_{yk}G(x, y)(\nabla a\prime 3-ykj\nabla ak)yj(\prime y)dy$ , $j=1,2,3$ ,
$|\nabla_{y_{k}}G(x, y)|\leq C|x-y|-2$ $||\tilde{a}||L^{\infty}(B_{r},)\leq C||\mathrm{r}\mathrm{o}\mathrm{t}a||_{L\infty}(\Omega)$
$g\in W^{1,\infty}(\Omega)$ $\Lambda_{a,q_{1}}=\Lambda_{a,q_{2}}$ $\Lambda_{a+\nabla g,q1}=\Lambda_{a+\nabla g,q2}$
$\Lambda_{a+\nabla_{\mathit{9}},q}e^{i_{\mathit{9}}}f=e^{i}\Lambda gfa,q$ 32 a\tilde Aa, $q_{1}=\Lambda_{\tilde{a},q_{2}}$
$\{\zeta(\lambda)\}_{\lambda>1}\subset Z$ 27 $\lambda^{-1}\zeta(\lambda)arrow\zeta \mathrm{o}(\lambdaarrow\infty)$
$\zeta=\zeta(\lambda)$ $(L_{\tilde{a},q}-1)u_{\zeta}=0$
$u_{\zeta}(x)=e^{i\zeta x}(I+v_{\zeta}(x))\Pi_{\zeta}$ , (3.8)
25
$\lambdaarrow\infty$ (3.8) $(L_{\tilde{a},q}-1)u=0$ $v=v_{\zeta}$
$(\alpha(D+\zeta)-2P-+Q)v\Pi\zeta=-Q\square _{\zeta}$ , (3.9)
$Q=-\alpha\tilde{a}+q$ ,
$\circ q\in W^{1,\infty}(\Omega)$ $\tilde{q}\in W_{0}^{1}’\infty(\mathrm{R}^{3})$
$\tilde{Q}=-\alpha\tilde{a}+\tilde{q}$
(3.9) $Q$ $\tilde{Q}$ $\Pi_{\zeta}$
$(\alpha(D+\zeta)-2P_{-}+\tilde{Q})v_{\zeta}=-\tilde{Q}$ in $\mathrm{R}^{3}$ (3.10)
$v_{\zeta}\in L^{2,-S}$
33. $||\mathrm{r}\mathrm{o}\mathrm{t}a||_{L^{\infty}(\Omega)}$ $||q||w1,\infty(\Omega)$ 4‘J (3.10) $v_{\zeta}\in H^{1,-\theta}$
$v_{\zeta} arrow\tilde{v}_{\zeta_{0}}\equiv-\alpha\zeta \mathrm{o}(I-B_{\zeta 0})^{-1}F^{-}1(\frac{1}{2\zeta_{0}\xi}\hat{\tilde{Q}}(\xi))$ in $H^{1,-\mathit{8}},$ $(\lambdaarrow\infty)$ . (3.11)
$B_{\zeta_{\text{ }}}\in B(H^{1,-s})$
$B_{\zeta_{0}}w \equiv \mathcal{F}^{-}1(\frac{F(\zeta 0\tilde{a}w)(\xi)}{\zeta_{0}\xi})$ for $w\in H^{1,-s}$ .
$v_{\dot{\zeta}_{0}}\equiv(I-B_{\zeta 0})^{-1}\varphi_{\zeta_{0}}$ $\varphi_{\zeta_{0}}=\mathcal{F}^{-1}(\frac{\zeta_{0^{\wedge}}\tilde{a}(\xi)}{\zeta_{0}\xi})$ (3.12)












3 $||\nabla_{W}||_{L^{2}}(B_{r},)=||\alpha\nabla w||L2(B_{r},),$ $w\in H_{0}^{1}(B_{r}’)$ 4
\alpha \nabla (\alpha a) $=\mathrm{d}\mathrm{i}\mathrm{v}aI+S$ . rot$a,$ $S=(\alpha_{2}\alpha_{3}, \alpha_{3}\alpha 1, \alpha_{1}\alpha 2)$ 5
32 o $||\mathrm{r}\mathrm{o}\mathrm{t}a||L^{\infty}(\Omega)$ $||q.||_{W^{1,\infty(\Omega}}$ ) (3.10) –
$v_{\zeta}\in H^{1,-s}$ $C_{\zeta}\equiv(\alpha(D+\zeta)+2P_{+})g_{\zeta}\tilde{Q}\in B(H^{1,-s})$
$v_{\zeta}=-(I+C_{\zeta})^{-1}(\alpha(D\cdot+\zeta)+2P_{+})g_{\zeta}\tilde{Q}$ .
(3.11) :
$C_{\zeta}w arrow\tilde{C}_{\zeta_{0}}w\equiv \mathcal{F}^{-1}(\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\overline{.\tilde{Q}w}(\xi))$ in $H^{1,-S}$ for any $w\in H^{1,-S}(\lambdaarrow\infty)$ .
$( \alpha(D+\zeta)+2P_{+})g_{\zeta}\tilde{Q}arrow F^{-1}(\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\hat{\tilde{Q}}(\xi))$ in $H^{1,-\mathit{8}}.(\lambdaarrow\infty)$ .
$v_{\zeta} arrow-(I+\tilde{C}_{\zeta_{0}})-1\mathcal{F}-1(\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\hat{\tilde{Q}}(\xi))$ in $H^{1,-S}(\lambdaarrow\infty)$ .
$\alpha\zeta_{0}\tilde{Q}\alpha\zeta_{0}=-2\zeta_{0\tilde{a}}\alpha\zeta 0$ $n\geq 0$
$(- \tilde{C}_{\zeta\text{ }})nF-1(\frac{\alpha\zeta 0}{2\zeta_{0}\xi}\hat{\tilde{Q}})=(B_{\zeta 0})^{n}\tau^{-}1(\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\hat{\tilde{Q}})$.
(3.11) (3.13) (3.11) \alpha \mbox{\boldmath $\zeta$}0Q\alpha \mbox{\boldmath $\zeta$}0 $=-2\zeta_{0}\tilde{a}\alpha\zeta_{0}$
(3.14) (3.12) $n\geq 1$
$(B_{\zeta\text{ }})n-1\varphi\zeta\text{ }=\varphi_{\zeta_{0^{/n!}}}^{n}$ (3.16)
$n=1$ $n=l$ (3.16)





$\varphi_{\zeta_{0}}(x)=\frac{i}{2\pi}\int_{\mathrm{R}^{2}}\frac{(\zeta_{0}\tilde{a})(_{X}-\eta y1-\gamma y_{\mathit{2}})}{y_{1}+iy_{2}}d.y1dy2$ . $(\zeta_{0}=\eta+i\gamma)$
$\prod_{k=1}^{\iota+}\frac{1}{z_{k}}1=\sum_{j=1}^{l+1}\frac{1}{z_{j}\prod_{k\neq j}(Z_{k}-z_{j})}$ for $z_{k}\in \mathrm{C},$ $1\leq k\leq l+1$ , and $z_{k}\neq z_{j},$ $k\neq j$ .
(2.21) $\zeta_{j}=\zeta_{j}(\lambda)j=1,2$ , (3. $\cdot$8) $(L_{\tilde{a},q_{j}}-1)u_{\zeta_{j}}=0$
(2.1)
$K( \lambda)\equiv\int_{\Omega}e^{-ikx}((I+v\zeta_{2}.)\Pi\zeta 2)^{*}(q1^{-}q_{2})(I+v_{\zeta_{1}})\Pi_{\zeta 1}dx=0$
27
34.





$L_{2}( \lambda)=\lambda^{-1}P_{+}(I+v^{*}\zeta 2)q(I+v\zeta_{1})\frac{\alpha\zeta_{1}}{2}$ ,
$L_{3}( \lambda)=\lambda^{-1}\frac{\alpha\overline{\zeta}_{2}}{2}(I+v^{*}\zeta 2)q(I+v\zeta 1)P_{+}$ ,
$L_{4}( \lambda)=\lambda^{-1}\frac{\alpha\overline{\zeta}_{2}}{2}.(I+v^{*}\zeta 2)q(.I+v\zeta_{1})\frac{\alpha\zeta_{1}}{2}$ .
$L_{1}(\lambda)arrow 0$ 33
$L_{2}( \lambda)\sim P_{+}(I+(\tilde{v}\zeta 0)^{*}-)q(I+\tilde{v}\zeta_{0})\frac{\alpha\zeta_{0}}{2}$
$=P_{+}(I+( \tilde{v}\zeta-)^{*}0)\frac{\alpha\zeta_{0}}{2}q^{I}(I+v_{\zeta}.)0$
$=P_{+} \frac{\alpha\zeta_{0}}{2}q^{I}(I+v_{\zeta 0})$ . (3.17)










$M_{4}( \lambda)=\frac{1}{4\lambda}\alpha\overline{\zeta}_{2}v_{\zeta 2}qv\zeta_{1}\alpha\zeta_{1}*$ ,
28
$\overline{\zeta}_{\mathit{2}}=\zeta_{1}+k$ $\alpha\zeta_{1q}\alpha\zeta_{1}=0$
$M_{1}( \lambda)=\frac{1}{4\lambda}\alpha(\zeta_{1}+k)q\alpha\zeta_{1}\sim\frac{1}{4}\alpha kq\alpha\zeta_{0}$ (3.20)
$M_{2}(\lambda)$ $\tilde{Q}_{j}=-\alpha\tilde{a}+\tilde{q}_{j}j=1,2$ , (3.15)
$v_{\zeta_{j}}=- \mathcal{F}^{-1}[\frac{\alpha(\xi+\zeta_{j})+2P_{+}}{\xi^{2}+2\zeta_{j}\xi}\mathcal{F}(\tilde{Q}_{j}(v_{\zeta}j+1))]$ , $j=1,2$ . (3.21)
(2.20) $f\in H^{1,s}$
$\lambda F^{-1}(\frac{\alpha\xi+2P_{+}}{\xi^{\mathit{2}}+2\zeta_{1}\xi}\hat{f}(\xi))arrow F^{-1}(\frac{\alpha\xi+2P_{+}}{2\zeta_{0}\xi}\hat{f}(\xi))$ in $L^{2,-\theta},$ $(\lambdaarrow\infty)$ . (3.22)
3.3
$\tilde{Q}_{1}v_{\zeta_{1}}arrow\tilde{Q}_{1}\tilde{v}_{\zeta_{0}}$ in $H_{-}^{1,s},$ $(\lambdaarrow\infty)$ . (3.23)
(3.21,22,23)





$- \frac{1}{4}\alpha kq\alpha\zeta_{0}\mathcal{F}-1[\frac{1}{2\zeta_{0}\xi}F(\tilde{Q}1(v_{\zeta}.0+1))]\alpha\zeta_{0}$ .
$P \pm M_{2}(\lambda)P\pm\sim P\pm(\frac{1}{4}\alpha\zeta \mathrm{o}q\mathcal{F}^{-}1[\frac{\alpha\xi}{2\zeta_{0}\xi}\tau(\alpha\tilde{a}(v_{\zeta}\text{ }+1))]\alpha\zeta 0$
$+ \frac{1}{4}\alpha kq\alpha\zeta \mathrm{o}F-1[\frac{1}{\zeta_{0}\xi}\mathcal{F}(\zeta 0\tilde{a}(v\zeta.0+1))])P\pm$
$= \frac{1}{4}P_{\pm}(\alpha\zeta 0qX\zeta 0\zeta\alpha 0+\alpha kq\alpha\zeta \mathrm{o}v_{\zeta 0})P\pm$, (3.24)
$X_{\zeta_{0}} \equiv \mathcal{F}^{-1}[\frac{\alpha\xi}{2\zeta_{0}\xi}F(\alpha\tilde{a}(v\zeta.0^{+1}))]$
29
.$v_{\zeta_{0}}=F^{-1}[ \frac{1}{\zeta_{0}\xi}\mathcal{F}(\zeta_{0}\tilde{a}(v_{\zeta}\text{ }+1))]$, ( $(3.12)$ )
$M_{3}(\lambda)$










$N_{1}(\lambda)arrow 0$ (3.22), (2.20), (3.13)
$N_{2}( \lambda)\sim\frac{1}{4}\alpha\zeta_{0}\mathcal{F}^{-}1[F((\tilde{v}\frac{*}{\zeta}\dot{0}+1)\tilde{Q}_{2})\frac{-\alpha\xi+2P_{+}}{-2\zeta_{0}\xi}]q\mathcal{F}^{-}1[\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\mathcal{F}(\tilde{Q}_{1}(\tilde{v}_{\zeta_{0}}+1))]\alpha\zeta_{0}$
$= \frac{1}{4}.\alpha\zeta_{0}\mathcal{F}^{-}1[F((v_{\overline{\zeta}0\dot{\zeta 0}}\overline{.}+1)\tilde{Q}\mathit{2})\frac{-\alpha\xi+2P_{+}}{-2\zeta_{0}\xi}]q\tau-1[\frac{\alpha\zeta_{0}}{2\zeta_{0}\xi}\mathcal{F}((-\alpha\tilde{a})(v+1))]\alpha\zeta_{0}$.
$P_{\pm}N_{2}( \lambda)P\pm\sim\frac{1}{4}P_{\pm}\alpha\zeta_{0}\mathrm{Y}\zeta \mathrm{o}q\alpha\zeta \mathrm{o}P\pm^{v_{\zeta 0}}\cdot$ (3.26)
$—$ $,$ $-\backslash -$ 1
$P_{\pm}N_{3}(\lambda)P\pm\sim\overline{4}^{P_{\pm^{\alpha\zeta_{0}XP_{\pm^{v_{\overline{\zeta}_{0}}}}}}}\wedge q\zeta 0\zeta\alpha 0\overline$ . (3.27)
$\alpha kq\alpha\zeta_{0}=-\alpha\zeta \mathrm{o}q\alpha k$
$N_{4}( \lambda)\sim\overline{4}^{\alpha\zeta \mathcal{F}^{-}[}0\overline{-2\zeta 0\xi}\overline{2\zeta}\wedge 01\mathcal{F}((\tilde{v}\frac{*}{\zeta}+1)\tilde{Q}_{2})]\alpha kq\alpha\zeta_{\mathrm{o}F}-1[\tau(\perp\perp 0\xi\tilde{Q}1(\tilde{v}_{\zeta_{0}}+1))]\alpha\zeta_{0}$
$= \frac{1}{4}\alpha\zeta 0\mathcal{F}^{-1}[\mathcal{F}((\overline{v.}+1)\overline{\zeta}0\tilde{Q}2)\frac{1}{-2\zeta_{0}\xi}]\alpha kq\alpha\zeta_{0}F-1[\frac{1}{2\zeta_{0}\xi}F((-\alpha\tilde{a})(v\zeta_{0^{+1)}}.)]\alpha\zeta 0$








$+(1+v_{\zeta_{0}})\alpha\zeta 0^{\mathrm{Y}_{\zeta q}}0\alpha\zeta_{0}+(1+\overline{v_{\overline{\zeta}0}})\alpha\zeta 0qX_{\zeta}0\alpha\zeta 0]P_{\pm}$.
(3.29)
$(1+v_{\zeta_{0}})(1+\overline{v_{\overline{\zeta}_{0}}})=e^{\varphi_{\zeta}}0e^{\overline{\varphi_{\overline{\zeta}}}}0=1$
$(1+v_{\zeta_{0}})\alpha\zeta_{0^{\mathrm{Y}\zeta 0}}\zeta_{0}q\alpha+(1+\overline{v_{\overline{\zeta}0}})\alpha\zeta \mathrm{o}qx_{\zeta 0}\alpha\zeta 0=0$ (3.30)
34 $X_{\zeta_{\text{ }}}.’ \mathrm{Y}_{\zeta 0}$ (3.14) (3.30)
\mbox{\boldmath $\varphi$}=\mbox{\boldmath $\varphi$}\mbox{\boldmath $\zeta$}
$e^{\varphi} \alpha\zeta_{0}F-1[\frac{\mathcal{F}(e^{-\varphi}\alpha\tilde{a})\alpha\xi}{2\zeta_{0}\xi}]q\alpha\zeta 0+e^{-\varphi}\alpha\zeta 0q\mathcal{F}^{-}1[\frac{\alpha\xi F(\alpha\tilde{a}e\varphi)}{2\zeta_{0}\xi}]\alpha\zeta 0$
$=q^{I}(e^{\varphi} \alpha\zeta_{0}F^{-1}[\frac{\mathcal{F}(e^{-\varphi}\alpha\tilde{a})\alpha\xi}{2\zeta_{0}\xi}]-e^{-\varphi}\alpha\zeta 0F^{-}1[\frac{\mathcal{F}(e^{\varphi}\alpha\tilde{a})\alpha\xi}{2\zeta_{0}\xi}])\alpha\zeta 0$
$=q^{I}(e^{\varphi} \mathcal{F}-1[\frac{\mathcal{F}(e^{-\varphi}2\zeta_{0}\tilde{a})\alpha\xi}{2\zeta_{0}\xi}]-e^{-\varphi}F^{-1}[\frac{\mathcal{F}(e^{\varphi}2\zeta_{0}\tilde{a})\alpha\xi}{2\zeta_{0}\xi}])\alpha\zeta 0$
$-q^{I}(e \mathcal{F}\varphi-1[\frac{\mathcal{F}(e^{-\varphi}\alpha\tilde{a})\alpha\zeta_{0}\alpha\xi}{2\zeta_{0}\xi}]-e^{-\varphi}\mathcal{F}-1[\frac{F(e^{\varphi}\alpha\tilde{a})\alpha\zeta_{0}\alpha\xi}{2\zeta_{0}\xi}])\alpha\zeta 0$ .
1 $\text{ }\frac{F(e^{-\varphi}\zeta_{0^{\tilde{a}})}}{\zeta_{0}\xi}=-\mathcal{F}(e^{-\varphi}),$ $\frac{\mathcal{F}(e^{\varphi}\zeta 0^{\tilde{a}})}{\zeta_{0}\xi}=\mathcal{F}(e^{\varphi})$ 2
$\alpha\zeta 0^{\alpha}\xi\alpha\zeta 0=2\zeta 0\xi\alpha\zeta 0$
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